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** : CATALYST MATERIAL DERIVED FROM PRECIOUS METAL- ) 
CONTAINING MACROCYCLIC COMPOUND PRECURSORS, THE 
METHOD FOR PREP ABATING THEREOF AND THE METHOD 
FOR ACTIVATING THE CARBON-SUPPORTED PRECIOUS 
METAL 

An improved catalyst material is derived from a 
precious metal-containing macrocyclic compound 
precursor, which contains precious metal selected from 
the group platinum, palladium, ruthenium, osmium, 
rhodium, ividium, silver and gold in zero oxidation 
state. The material may be produced by activating the 
compound, for example by a voltage sweep. The material 
offers useful improvements in activity and resistance 
to de-activation, when used as a fuel cell catalyst. 
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mmm ° m mmmms* z&mm > a 

^Tlig&rfie&I&HJS) S«J & fii l£ ^ IS & (electrocatalyst) 
85 SE & ** ^ (PAFC)j§# ;t&^ftg5&3^/i^^gS3^g&^"r■ 
BfJftSffiHSife (PEHFC) £$3-Jfg£t£^3SS«* 

» * & ' ««f»W*»W»H!BH : 3 t i»«£!S£'«J • PEHFC 

m n m £ a- n so-ioo-c z w ft s « t & a? <> 

pafc^ e(E4Btf^fiflfiifk^Mi4«r6 ' & a e *r *s 

^ fl-J ^ fi£ S (demonstration units) • ;£ % 3= B ^ » W 

Br & * n 3 m 2: » m n • « m =r & bi & pafc^ ^ m a s 
*r » w ii ^ffin^waa«tTJi^:8s««f' & s. & m s 

IS ** ft 2l (3J?EPft^*tt) frSS 

2: £ fit * o PEHFC ffi Vk {& ft $] m ® m. (power density) & 

ss n pafc . H«:«rj&i^««^fl*iiBflET*r«»f^ ° &nts. 
m&m * fc&mmnvmziFmmvLE.&mtL&Lm&^m 
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PSftJ o 

MM » *r « £ A # a §ij 4k SI & IN- S jfe ** & % f ij ^ fg Pi 

« PAFCst ?EHFC , Sb¥4tm^«1»SiijPftSIH«E^SttfD 
I* * £ S *J • £?SP£fgS&£«&:fa2c5£&3rJU£ffi|ii] 

s « * a it *i jsji fs. n & at th w 14 % ps fflc ■ • £ s « & m ?a 

S3 2 fi£ z: = . 31 R g * SM# . @ itfc il 35 «5 

•as^^ffi^p ° Hit — M#B**&fti£ig;fcM& 

2 *K ** ^ r* ( 09 JO PAFCfO PEMFC ) fitj«ffia "«* "SJKffi 

^SEjiSenjpc » s^iiRtfaitsjc^^^ . #j $o it, n s 

t4 5£2_ha # . X«3&&«m&tfg-ttz8flHt« . X * *g 
& {ft M m ° m til H Patrow and R Allan ( USP 

3. 992. 512) m & H 5: 35T £ » %4>&J*#*tt'.httB9rfatt 



*-*&X.A.i&* + a B *tt*(CNS)T4jfcR4S(210x297^*) 
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? & m ?s * us m m m & m ±^ » 

& b b 0 « (15-30A) ' 3ts?#5^^tt^«s&5Stt » wnm 

» us jjs $*K&JbSfj£^2:saJi© • isfssffit 7oo*c 

SJg£tt©ISt£;£Big = !fcS^£**tt#j!.USP 4.447. 
506 * £ 153 £ ft o 

is as » /£ — g Bf - £ — £ ^ *j m a* ( ^ ep » * ) t ' m 

IS & "S a m 14 <mass ac-ivity) " ° & $i^:ffl$)f&mi}&bh 

a? *j *a an o zm^frm^A^ — zimm • 

a £ !£ S4 ' 36 £ 180"C 2. 100^.35 fl£ + tti&3SmiSiP£ffif£ffl 
!?^IlSttW^JISa5S±«a^gtta 900raVTft 
£fi* SHE ( ffi t* £« & ) 30-40raAmg- *PtZ W • 

( IS M P Ross. Precious Metal 1986. International 
Precious Metal Institu-a. Allentown, PA. 1986, P355 
-363; L Keck et al. lsr International Fuel Cell 
Workshop, Tokyo. Sept 16th 1989. P29-39; F Luczak. 
D Landsman, USP 4.447.506) » ft S* ± it M ^ ' SIS 

ttttSa-g-£K&;2:*ste : £ft£tt c <£ sir i* ^ # 5: at * & *r 

S^J ) S fi- 50-60iAag- l Pt^H o 
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S K * Hi T » ' 36aS^I)lgJiJfS5iraS^W«rfe«KiU 
ftEFffiSfc^foftSb^tiai o PAFCrm * . # 4fc « 8 Si & 
2l*tttt«B&l8£ReB*it*£S%ft 1000* i^gi 
1-lOmV o tt^ttfIR&$fttt8ff{da(Bg:&$«ttl3ftffl - 

>k li ^ 0 # £r 4t Hi <J Aragane. J Electrochemical 
Society. 135. 844. 1988 ) > S PAFC}£ 4 5 00/J> B$ £ '& P|? 

£ ft PAFC£ ffl^ ^ Eftft^&^^SnjSK&^^Stt; 

a • 

m m s ft • ataB*r«^st«iE«EJitit*4» » 

Kit q-^ ( m iS Pft Si ^ ) *0HHs2H{S&_bftEteIK 
^ o (Coordination Chemisty of Hacrocyclic Compound 
,G A Helson. Plenum Press, New York 5. London, 1979 
> • m m ft ± M E m it ^ VS & N4-|tf (chelate) it^M 
' ffl $D fi*. (phthalocyanine) »p\--*.(porphyrin) fa E3 
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i n ^tnnttm ( 5 ) 

St £t 9! & ( tetraazaannulene) ° 

( $n a a it i? ) ffcSttmrfc&gfigffl ' © it ^ is s* s 14 

14 a » H 88 ** « Mt ° £»-L£-j!S3f{£Ett1IAS?gSSfa 

SB 2.164 .785 A * » ^ JJt » S £ » «t" it & fit & B 

BE *t ** 2 IK ffi » &*;£<£fl5l8Sii-H.5&{fc&l&15 » £ JU 6MS* 
ttCSfUffitttSffiflkaVfltfr • Van Veen et al. 
(Electrochimica Acta. 24 921-928. 1979) cp gj- ^ fij # 
tt Pt » Pd . Ru > Fe . Co . HnfG Zn£ g ft <t «J » ffl H,SOa 
iltKOH ft & » ?g B$ Z fg 14 • Van Veen et al. (Ber Bun 
-senges Phys Chem, 85. 693-700. 1981: and J chem 
Soc. Faraday Trans 1. 77, 2827-2843. 1981)55^31^ 

BHX1bttfIgant4-«B2i5ttftfl% • m^z — S^<ll ) 

4" -ES - (Jtf ^ Pf £ 3£ S )«V** SS Ciridium(I) meso-tetra 
( para-isopropylphenyl ) porphyrin chloride] » ^ gg *X 
&MZ'& ' £ 850raV£. 23TC ft 4H H.S0««jgft* » 3^2 
a Ji IMS 14 & 2.2raAmg- 1 K & <> NL 8003387 til & — ft 58 

<r"ffi*E£ 8501BVT £ 3C a JS S 14 & 2 . OraAmg - l JS fflE • ig 

& i.e. *■ »ft«fipi6/h«F"^a^jiifsa le. v o 

Yeager et al, (DOE Report October 1984 LBL-185 
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42)»*-«-£*aEW*ffi«Stti*±;£ji-*-- (IS ( ID ) 
cfa-tfj^SS^S )«\-'#\) Cu-oxo-di(iron(lD )raaso-tetra 
(para-aethoxyphenyl) porphyrin) ]|B{K^*4-fiS^{iESffi 
m > £^85% &mMM&'%!&mZ!&m • £ lOO'Cft 85% 

5.0 aAag- l Si& • »^4>Pfr«E ' ffljtb!lJHaXtaj££&& ' R 
£ lOOr^fflST • 100 raAcm- 1 ^ « j£ S K T ft flF 

7 . 5/jx m Z Vk > ft m f? « 7 60mV o fctfi*&g$ftm»?®*;2: 

' fflxas«3S0ia&**JKffl;2:Si£»» o tt ' IB £ * fe 
if ioor aagT^^i?^ > atttci 

ft 130*0 TttflF^*(R«tt«l*««!iiJff^r ' » W 8* ft & IS 
»»MS + -C>£«18 : P«MIIl*<fcS.'B : EP A fll «£ ^ 5* 

^ajfsa^ws^sfitj^^ . a£a°r#£»«*iitB£iiB3 

ftT0^^{4^SaEfeS-tlE«» ( Yeager / 

0 21 — 3a §& Jl. K Wiasaner et al (Hater Chen Phys, 22, 
457. 1989) f Zti In ° 
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3Ht3-*&tt5fcir (precursor) • ffi SR ft 

a itfc » *atifi»efe-tt?fT£g£jt&ji2£9ni:-8- 
&ttfta£fi£#£S3?ffiff&£ii£«8£**:B- » itt a s «c 

<b & & ^ 5: s ^ b * 
a « is «e « «• £ a 5 ° 

IS ffl ft S £ » % S9 £ » ' Pt . Pd » Ru > Os > Rh > Ir 

m • s « w e a* <k a a** pianists • 

g # « fll • «^fiS»»W3l*ti?4»* foil furnace 
black) & Z, & & (acetylene black) □ 58 St H * 5 & # b b b 



iim tan »tt^(CNS)«r4«i«(2iox297««) 
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Brunauer, Emmett and Teller (BET) ^ M fft S 1% S ft - St 
0-2000 m*g-*2:W » Jo ^ fit 30- 400 a»g-»£|Ul « 

S^B Elf {t^«8 5l W^c««s«»tI^0.1-70a«X 
» M & ftn 0.1-30IIX ZWigl » 

attracts 20.05-20^3* » fa 
o.i-iom s x £ m m m * 

ism • n&s&ioT ■ ^ 9tm& ±m*m \t^v»m 

iE m mm w * m nzm m • ss&asrasnA^s* > mmm^. 

& 1-16/Jn 5#o , tf-fIS?f^Ig®jt^ 

vsmm& 13-is j* ^iRftfiijBiia + ^^siS ? 

SS jfi 3? fci T = ¥5fcl^«*4^{ftffi-SS7ktt«n^:Sr??g 
* ( #1 5a PTFE) . Jg ^ n ft Si ?S ^ ffo #j jo PTFE2: ?g fitj Rfi 



**5lt*/tiim t n ■ ^ilKCNS) T4«!5(210x29745-*) 
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*5St£s£5**J_h'S*&£^3Sft£ ( 0!l So S Si ) s£ fH 
(f?OJD«SC) + & 15 B & ffi » £ S W 3 

« * a e # & * » sffsistf gaas^^ffigjt 

JSl S J« S 14 tt J4 , X$i£££X!B8lil>t>l^»S 10* ft 
Un 0. 05-2. 0V <«#ftttJ$0. 5-1. 2V£M) £ ^ & ( ft 
fi* ft IS £ « £ (DHE) jffflf) •«Bff'Xtt3fS3i5fe»*f» 

<t * « an ' aiffina»« + JBi«H}+i!3c • jk & « *s t& * a - 

IMSffi • 9£tt*»&<KfflJSltt7f£S1t:£3 3 So !g K & ** 

iw-iiti ( !ro m ^ t @ a smm-A >° 

It 8* * 31 BfJ # |4 ft gij @ ft J$ PAFCfO PEMFC = . £ S. * 
feilflit$«fl!l*8.**l!l5£*«il«ffl • &l to V& & ^ i& m Z 'B. 

m » ss; .« £ « fliiib * s * z m & m m • 

ti fl* A? f& M * JUS *'J 0 *-«?1»^lH«ifa»*W* 
M S* " g it " > - « <fc 3* £ B £ m ffi I ECA) - > - fcb 

S *' ' fa" «ft * 14 " a*1ife»ft««-F»Br5Gfc3§ra:ilfl3&« 
ifo Fff {£ ffl *' 
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ffi ' M & & IS ° tb fl> ' » ptfe;£ jg 

BP * £c *& » £ ** SCg^Ig (flooded electrode) " C ^ 
^, H Kunz and G Gruver (J ElectrochemicalSoc , 122. 
1279, 1975) ft P Stonehart and P Ross ( Elec trochia 
Acta. 21. 441. 197S) o 

180tJ W 100X . £- * jg[ ffi T f£ « $ fo 52 3S fli & £ 

S Sil ffi ^ ^fc * ^ « rfe IR3 ^ • £1 — 

SUfiftS StftJSgg^SS (OHE) 2SlttK.tS2IS 
' faSBff&ffl*nSS& » X Jl fir £ nAag- l JS S & # » » sE 

*IH;£*ffi*teflsH«!+*»i!|o" fa" j?E§ 

°T fll M 8!l 3 jg & • Sitb3tf^*|S]ttjfi&#:|4£«&3Jj;jl3I 
» « £ £ kb 8 o 

attv* » gP:*;^*&$n;£" iafei h- >^asg 

mfi*&" Tafel $*3£" 'S«S«Z*SfQ«^«l#ifff^: 



*M.ft*/ti4J0 fan *flt*(CNS) T 4flM&(210x297*Jt) 
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H6 

i ^ HrWiSLm (U) 

m & * m m " * - nmmmmm^.mwm ° 

" m it * £ S ft E ft (ECA) -*ft«£*ffi_hflfffaa 

* S « fl- ST ft ft ffi « » X H & » J g- l Pt ° ECA ^ *g a 
S Gilman, J Electroanal Chem. 7, 382, 1964 ^ fiff i* 

zftmmit o $tJj&zm&mmm®wiWi& & (cyclic 

voltammetry) & SffiElffl^tt«fi[ffigi4»JK«B±CC» 
& f ij El — H IS fi-I S ^ ffi /i 5: ^ fi ° Sfl^Jil5IWSi3E*^)SJK 

3 ^ ' f'l /!§ M & jC 1 cra'Pt = 210 U C (C = Qr#) , £ ffl g 
%&&&.ffiZ&'3i%ft. (intrinsic activity) , & 51 & S ° 

* *a *o £ - tbsn" ' xsis$Dii]a;sii§rms£ » & jl 

3 *§ iij # & $i & , & ^u&m%L®.mte.mi&£.mz&mm 
at 

$ TO ^ o XBffi&uAcn , S*B*gf±I^JU« 

« '{t*^Jiaaf»iin»«iH:^7raftao««i»jKgtta**: 
f *^ ° 

£ & i* * & • s fn s s tu — w^tt" sc at » ^ 



it 
$1 



*•«.**./*. ii/H 1 19 n *1IS*(CNS)'P4«|»(210X297^*) 
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tb&**^?l!l&t£;£iri£t£ItIsarSJ! 



s & & * a g *j us & a* 

• £ 180TC ft lOOXSt at 
£ £ it ° it ffi tt it «8 it 



i. a % g a SB s w & a g « * a a 



G3 2164785A + ft l£ Z SZ T 
Jt^iS W « (O.O689) j§ S 18 . 4Mffi£ g£ ( 25cm 3 ) * EP 3M# a 

o.87fi fix sa^s^«»w»giii^5feHo^s?gai^ . 

^^JD A5S(t Shawinigan 5s?(2.0g)^O BET^ ® & 55 
m'g" 1 22,fc^5* • ( * S Ht Kl Shawinigan &* & «# £ 
Chevron Chenicals. Houston. Texas. USA) MM f&$kffl 

mm > mmtit& 153. m • « » & m * ^ 303. m » m ^ 11 m 
w. is *t m * ( 30ca » ) ji ^ , « & fij s * f§ » §u si ?s o ^ m. 
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2L ^ itWiSLW (13) 



liSS^pHfig P H6& iJb o & & SI ft & jg at IS JGS ** *4 5fe ST 

a 30S fi XPTFE £K*f&ftH*fttt&£{£filj:&fV 
tt2Fi£JBljlfcttE«JH«5feWtt**»flc<»ffi 350 TC 2 IS * 
& Eg H 15# »5:ttEP3tfl6*ffi^«» o '%&&Mftig&m 

£ 5: ft? % * Jit s <t • ^sss?tgtii!S?)ts^?ri!t 

• & # flO 0.05-1. 20V^ ^ ffi (;f§?BS* DHEjfnlT) *§ & S 
4>10* ' 180-C ft 100X55 g£ 35 mm * - 

@l 2 

?a£ i iSak 4KsS ^ i« SB «3C 

*n«i rfi&jjmstffi'S o.o62M«xir z m m. m n 
m 3 

w * i as*. £ la m xt 
m&*%.w?3&&ffim&#nz msk ftm 9tm ° 

&k & % (0.064g) m 2S 14MB5 5$ (50cm 3 ) * ° & SE M zffi T 
JtSSg&ftHStt Shawinigan j» ( 2 . Og ) Jfl A f§ ?S + ff2 £ SI 



*-tMkfLj£i6.m t B a -£«*MCNS) T 4»II5 (21 Ox 297^ *^ 
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ft m £ fj ± m m m z ?m m ph 5.5-6 &± = # m & m a 

lift ftt £ ' f'J ffl SI* Tte If ^ «T W ^ 0.64 HXPto 

& B « & m £ £ it fa ?£ <t *I # ft 1 Elf i* £r & & *r 



5o<9J3 pff ft # m M «t i5 £ 0.22M S ".Ir ZlZZHtSU 

Jo W l F/r i* US S5 & rg <t = 
« 180TC ft lOOXg* 6$ fii a ^ <S H « Ji i* 75" f£ 3ft 04 1 » 2 

f S ( m & mAmg- M £ fa ± Jg ) ) & ft ^ ( po 1 ar isation 
curve) /Tvj$Bl 4 1 0 

Jl 180-C ^ 100X8U efttt&«f8«H5|l*2'3 fo 4 3S 
^^^31SSIS2:IJ5S14 ( « » Jt DKE tfff S ) ■ pTt iH 
£ fil ^ 5$ ^ 1 4» • 



*M.HL/Oi.i4m + ■ n «4**(CMS) T4«lt5(210x297^-*) 
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i » ( 15 ) 



m i 



<1£S%£)I> (mArag- 1 ^^ (mAmg 



£ 850mVT ) m 900 raV~ > 



1 




0. 


87*/. 


Pt 


9.5 


12. 0 


2 




0. 


62% 


Ir 


11.5 


16.0 


3 




0 


6 4'/. 


Pt 


13 . 0 


16 . 0 


4 




0 


22% 


Ir 


14 . 6 


46 . 0 



nm&'g.&n * zfevk (n<& mAmg-* ) as pr w si *r & 

fit £ « 0E - 0J 3 fa 4 . & tb m 1 la 2 'fil&ttffiHftttfl 



ffll 5 

« o n m*k (1.234g) m 2E 14MBK fi$ (1000cm* ) * => 

33 BET^Sffa 252ra 2 g- 1 Z 32 & 5 £ <t Katjenblack 



*W.ft*/ti4Jfl+MB'£#*(CNS)V4«m210x297*#) 
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EC300J $(4.0g) ( 5fc £ 3 it Ketjenblack & S Akzo 
Cheaie Nederland bv. Amersfoort, Netherlands) 1JQ X 

3 ?3 a a £ tfc # ffi BSE & (50cm 1 ) *a£iRff*#ifc;t§r|±rjt 

fg^pHit^ pH 5.5-6 &it o jDtfc » » J2: ffi 10510^: 

a 4.7IiXPto 

# a * ifc ft > & 330 'cTmts m • 

Sffl 180 tc ft looxgj 5£ fi Ufa _L a S 2 « S tt *T r£ 
ffc » JU 9305- St £fi B$ ffl & 30mVs - ^ IS ^ ffl 1.05-1. 35V5: 
£ 3 ( Stf $* DHE ) J«£'l5|S*jKftflEtt&£ttllfli!j£ 

£SBtt*.^*a/££ + ansa +2) 



*«.J|tK./ti4m + Ba*4.?^(CHS)'F4jtft4S(210x297^*) 
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n_6_ 



m s 

* 3 E g - ft & gf A IK « » 0 * CDibenzoCb. 131.4. 8,11- 
tetraazacyclotet radecinato ] platinum ( H ) » (PtTADA) 

. (O.OSg) 14MKE & ( 150cm 3 ) + o #U£J|3S£&fttj:Eg 

<b Shawinigan Z, 3« 58 < 1 . 0 g > A SHS 4* if 2 /£ IS tK » « 

£ m. m t ft » 16* n • Ksi«iB*ttBfifliKit (50cm 3 

) & * 31 3 * f+ St a f'lJi m i& Z PHS ii PH 5.5-6.0 »ifc 
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